Objectives. To examine elevated blood lead levels (EBLLs) in refugee children by postrelocation duration with control for several covariates.
time of resettlement in unadjusted and adjusted models. Improved housing, early education, and effective safe-house inspections may be necessary to address EBLLs in refugees. (Am J Public Health. 2018;108:270-276. doi:10.2105/AJPH.2017.
304115)
See also Wells, p. 163.
L
ead poisoning presents as a multisystem dysfunction caused by toxic accumulation in nerves and bones. Lead exposureassociated neurobehavioral and cognitive impairment accounts for 13.0% and 14.8% of reading and math failures according to a study of Chicago children. 1 Neurocognitive damage caused by lead exposure is long-term, evident in children experiencing learning and developmental difficulties up to early adulthood. 2 Children are susceptible to lead exposure because of hand-mouth behaviors, higher gastric absorption rate, increased permeability of the blood-brain barrier, and actively developing brain and bones. 3 This is more so in malnourished children, especially those with other metal deficiencies such as iron and calcium deficiencies. 4 Children from families of lower socioeconomic status are more vulnerable to the effects of elevated blood lead levels (EBLLs), attributable, in part, to lack of timely diagnosis related to limited access to care, 2 poor housing, lack of education about lead toxicity, and malnutrition. 4 One vulnerable population is refugee children. These children are likely to come from households with median incomes $8000 less than the median income of US-born households. A thorough review of integration outcomes of US refugees has been addressed elsewhere. 5 Instructively, an estimated 35 000 children are admitted as refugees into the United States every year. 6 It is documented that US refugee populations have higher prevalence of EBLLs than do US-born children. [6] [7] [8] In a recent study, a survey of blood levels showed more than 10 times higher prevalence of EBLLs in refugees compared with similar-aged US-born children in Massachusetts (16% vs 1.4%). 7 Notably, in 2000, a Sudanese child died shortly after relocation from local lead exposure. 9, 10 Though refugee children are increasingly becoming an important subgroup of US children, there are limited comprehensive guidelines for addressing health concerns for this demography. 6 The persisting effect of lead exposure on neurocognitive development has made it important to examine likely exposure sources germane to this growing demographic group. Sociocultural practices have been implicated as a likely determinant for higher lead exposures among refugee children. 10 However, few epidemiological studies have reported postresettlement exposures, with some identifying quality of housing as an important risk for EBLLs in this subgroup. 7, 8 Lead exposure is associated with economic disadvantage and therefore it may correlate closely with socioeconomic status 11 ; refugee families are more likely to opt for cheaper housing, putting them at high risk of exposure. 10 The limited housing options to newly arriving refugees pose a significant risk. Moreover, refugees are less likely to be aware of the sources of lead exposures in the United States and therefore may unintentionally place their children at higher risk. 10 Environmental lead exposures are significantly prevalent in the third world. 8 Outside the United States, common exposures to lead occur through gasoline, cooking earthenware, traditional medication, and cosmetics. 10 Other studies have cited battery lead recycling and poor delineation of zoning for residential and industrial activities as major contributors. By contrast, residency in houses built before 1950 is the primary risk of exposure to lead in the United States with exposures resulting mainly from consumption of flaking paint and contaminated soils. 7 Pica, an eating disorder characterized by ingestion of nonnutritive substances, is commonly associated with anemia, intestinal infestation, and lead poisoning. Theoretically, children with pica who live in older houses are more likely to have a higher risk of lead intoxication. As a consequence, it is important to examine the effectiveness of measures that make old houses safe for refugee resettlement by studying modification of risk of EBLLs with joint exposure of house age and pica activity (using intestinal infestation as a proxy).
Four epidemiological studies have examined EBLLs in resettled refugees. 7, 8, 12, 13 These studies have faced some limitations, including use of 10 micrograms per deciliter (mg/dL) cut-off for case ascertainment, working assumption of initial lead screening level being indicative of preadmission exposure, and limited control for potentially confounding covariates. Because of limited amount of epidemiological evidence, we re-examined postresettlement duration and EBLLs while evaluating a range of covariates with the Centers for Disease Control and Prevention's (CDC's) new recommended blood lead level (BLL) cut-off of 5 mg/dL.
14,15
The primary objective of this research was to examine EBLLs in refugee children by postrelocation duration while controlling for several covariates. In addition, we attempted to quantify the role of housing and, subsequently, evaluated effect modification of the risk of EBLLs by house age in children who may have pica behavior. New information gained from this work may assist to evaluate current interventions aimed at reducing lead exposures in this vulnerable subpopulation. For the purposes of this study, the analysis was limited to refugees aged 15 years or younger admitted to the United States between September 1, 2012, and June 1, 2016. We included a total of 1950 children meeting our age cut-off criteria from the ARIVE data set (n = 7495). The sample size used in the analysis was 1726 after exclusion of children with missing responses to BLL or address information or both (n = 224).
METHODS

Measures
We computed time of resettlement to health assessment as the difference between the dates of arrival and screening and grouped into tertiles by the overall length of time. We then analyzed this as a categorical variable in our main analysis. We coded BLLs as a dichotomous variable such that we coded BLLs greater than or equal to 5 mg/dL as "high" and BLLs less than 5 mg/dL as "low."
We chose covariates that were used in the analysis on the basis of their associations with determinants of lead levels and postresettlement duration in current literature and availability in the ARIVE data set. Region of birth, age of housing, age, gender, body mass index (BMI, defined as weight in kilograms divided by the square of height in meters), intestinal infestation, anemia, and season of lead testing have been identified as potential confounders in previous studies. [6] [7] [8] 19 We abstracted the median year of house structure (from the 2014 American Community Survey) and used it as the average age of housing based on reported address zip code. This was coded as a continuous variable in the analyses. We calculated and reported in years age at entry-the difference between the date of admission into the United States and reported birth date. We coded this as a dichotomous variable using less than or equal to 3 years and greater than 3 years age cutoff similar to categories used by Eisenberg et al. 7 We abstracted gender, season, and parasitic infestation from ARIVE data set. We derived anemia as a dichotomous variable following methods described in Eisenberg et al. 7 Finally, we computed age-and gender-specific percentiles from reported BMI and coded them as continuous variables while we coded season of testing and region of birth (Asia, Eurasia, Latin America and Caribbean, Middle East, and sub-Saharan Africa) as categorical variables.
Statistical Analysis
We evaluated associations of covariates with the length of time from resettlement to health screening and BLL test to assess for potential confounding. We used the Pearson c 2 test to evaluate categorical variables, the Wilcoxon or Kruskal-Wallis test for continuous variables, and reported P values accordingly. We used the Fisher exact test when we encountered cells less than 5. We calculated unadjusted odds ratios (ORs) and the 95% confidence intervals (CIs) with logistic regression. We determined unadjusted ORs between resettlement time and the likelihood of reporting EBLLs by using logistic regression.
In the multivariable logit model, we examined the relationship of BLL to length of time from resettlement to health screening, while adjusting for covariates. In this analysis, we included age, gender, region of birth, age of housing, and parasitic infestation as categorical variables. Using length of time from resettlement to health screening as the principal predictor, we retained covariates in the model if the likelihood ratio test comparing models with and without the factor was at the P less than .15 level. We did not include child's age in the final model because it did not meet the P less than .15 cutoff for further analysis.
In a secondary analysis, we estimated the B in the relationship between house age and log-transformed lead levels in the event that length of time from resettlement to health screening was a significant predictor of lead levels in our full model. To assess whether intestinal parasite infestation, a proxy for pica, 20 modifies the association between age of housing and EBLLs, we included an interaction term in the full multivariable logit model corresponding to the joint exposure (intestinal infestation and age of house). 20 
RESULTS
The population was almost equally distributed between boys and girls (52% boys vs 48% girls) with a population median age of 7.2 years (interquartile range = 3.8-13.3). Birth origin was predominately sub-Saharan Africa (48%), and participating children were more likely to have relocated to the United States in 2015 (34%). In addition, most of the children were not anemic (90%) and recorded a median BMI score of 49th percentile. Table 1 reports covariate characteristics by postresettlement duration to health screening and also by the status of lead levels. In this analysis, 11.2% (n = 192) of the children had EBLLs of which 41.2% (n = 79), 33.3% (n = 64), and 25.3% (n = 49) were screened within first, second, and third tertiles of the postresettlement period to health screening, respectively.
In the examination of covariates and resettlement time before screening, we identified significant associations between region of birth, with respondents of Latin American and Caribbean origin being more likely to report for screening in the third rather than first tertile (20% vs 5%; P < .001). We did not find any significant associations with our remaining covariates: dichotomized age (P = .42), gender (P = .70), BMI (P = .21), season of screening (P = .61), anemia (P = .31), and parasitic infestation (P = .52; Table 1 ).
In the examination of the association between EBLL and covariates, compared with children with normal levels, children with EBLLs were younger (£ 3 years; 23% vs 18%; P = .048), and were more likely to be male (50% vs 38%; P = .002), to come from Asia (46% vs 25%; P < .001), and to report intestinal infestation (50% vs 37%; P = .007; Table 1 ).
In the primary unadjusted logistic model, we observed a significant inverse association between length of time from resettlement to screening and likelihood of reporting EBLLs. . This indicates that reporting for screening in the second or third tertiles is protective of EBLL. Thus, a major contributor to the observed lead exposure may be from refugee-source countries, which is interrupted after resettlement. In addition, a 10-year increase in the age of housing was associated with 27% increased odds of recording EBLLs and documentation of previous intestinal infestation was associated with a 63% increased odds in the main adjusted model ( Table 2) .
We observed a statistically significant interaction between age of housing and intestinal infestation on the relationship between the length of time from resettlement to screening and likelihood of EBLLs (P = .003; Table 3 ). Children with intestinal infestation living in the oldest homes in Louisville were more likely to have EBLLs (adjusted OR = 4.63; 95% CI = 2.11, 11.10). Subsequently, in the secondary analysis, there was a 2.94% (95% CI = 0.95%, 4.97%) increase in the geometric mean of BLL for an increase in a house age from 43 years to 53 years, with adjustment for identified covariates in our main adjusted model.
DISCUSSION
In this review of the Kentucky ARIVE system, we found that 11% of refugee children had EBLLs. This compares with a statewide estimate of 0.36% from the child BLL surveillance data for Kentucky. 21 We
This study is one of few that have examined the predictors of lead levels in the refugee community and is different in that it investigated factors associated with EBLLs in children who were screened at differing lengths of time after resettlement. To date, 4 studies have examined EBLLs in refugees. 7, 8, 12, 13 In a review of refugee data in New Hampshire, Plotinsky et al. observed an increased BLL in about 7% of respondents after admission to the United States with a significant predictor being nutritional wasting (P < .001). 8 An earlier study by Zabel et al. identified only 1 child (i.e., 0.7% of respondents) with an EBLL. 12 Also, researchers using Massachusetts refugee health data identified 6% of respondents to have EBLLs. Eisenberg et al. showed that the age of housing was an important predictor of BLL increase of more than 2 micrograms in their refugee cohort (hazard ratio = 1.7; 95% CI = 1.2, 2.3). 7 Our results are in line with these studies but also confirm a general reduction in risk of reporting EBLLs after resettlement in the United States. However, it also differs focally as we attempted to examine the impact of local factors such as age of housing on the initial lead screening results. This distinction is important because of the widely held view that initial lead screening results are representative of country-of-origin exposures. We have shown that the initial BLL screen result might be significantly influenced by local exposures. Measurement of postresettlement increase in lead levels may be higher in refugees than estimated in some of these studies.
In addition, we observed a statistically significant interaction between intestinal infestation (a potential marker for pica) and age of housing in the association between EBLLs and length of time from resettlement to health screening. This finding suggests that there is a modification of risk of EBLLs in children with pica behavior, with intestinal infestation as a proxy marker, for different ages of houses.
The differential odds in reporting EBLLs by house age for children with pica suggest that the effectiveness of measures to reduce lead exposures in older homes may be limited. Current estimates show that about 19% of all houses in Kentucky were built before 1950. 21 As a consequence, programs designed to educate refugees who live in older houses about the risks of pica behavior may be an effective approach to reducing EBLLs in this population.
Lead is an important environmental pollutant in developed and developing countries. Improved regulations on environmental lead exposures have reduced morbidity caused by severe EBLLs in US-born children over the past 5 decades. 9 On the contrary, lax environmental Note. BMI = body mass index (weight in kilograms divided by the square of height in meters). a n = 1722. b n = 1700. Tertiles 1, 2, and 3 were equivalent to 1 to < 40 days, ‡ 40 to < 62 days, and ‡ 62 to 391 days, respectively. regulations and lack of awareness of the effect of elevated lead levels have resulted in a persistent elevation of lead levels in refugee children born in foreign countries. 6, 8 In addition, the potential for postrelocation lead exposures have been recognized, though few studies have examined such risk factors. The effect of an EBLL is multisystemic, leading to hematopoietic, gastrointestinal, urinary, and cardiovascular manifestations. The mechanism of neurotoxicity has been suggested to be mediated through the disruption of calcium homeostasis leading to the inhibition of neurotransmitters. 22 Children are more susceptible because of their particular anatomic and physiologic characteristics that cause an increased absorption rate and increased blood-brain barrier permeability of ingested lead.
3 A major environmental and child health concern of EBLLs is the impact on the child neurocognitive development. 11 Previous work looking at cumulative exposures found that a graded increase in dentine lead concentration was associated with diminishing academic and neurobehavioral performance. 11 Furthermore, this insult on the child neurocognitive development has been suggested to be persistent and irreversible. 2 This work adds to the body of literature on children's health in the refugee population. It has shown that, though we observed a general reduction in BLLs after resettlement, the likelihood of exposures from old houses of residence before the initial lead screening measurements cannot be ignored. Also, the significant difference in odds of reporting EBLLs in children with pica living in older houses probes the effectiveness of measures to make old houses safe.
Limitations
A number of potential limitations regarding this study should be noted. First, the half-life of blood lead and bone lead are substantially different. 23, 24 As we assessed EBLLs among children from resettlement to health screening, which in some cases was longer than 90 days, it is possible that BLLs were affected by lead stored in the bone that was released over time. Second, inconsistency in lead level measurement across different clinics and mismeasurement cannot be ruled out. We are not privy to the methods of measurement across facilities that participate in refugee resettlement programs. These facilities, however, operate under standard state guidelines for providing laboratory data for patient management and reporting to states and federal agencies. It is, therefore, unlikely that these lead measurements varied significantly in a way that affected the true lead levels. Another concern is about exposure from other sources such as water, herbal concoctions, and medicines. Its effect in our models would be nondifferential as we do not anticipate any significant changes in the use of these materials to the likelihood of reporting EBLLs and the time for reporting for lead screening. In the event that the exposures were misclassified, this would bias the estimate to the null. Water quality reports did not indicate that drinking water was a main source of exposure for refugees in Louisville; however, reports may not be 100% accurate and some exposure may have occurred through drinking water.
Participation in the refugee screening program is voluntary. If respondents with higher lead levels were more likely to participate in ARIVE because of exposure symptoms, this population would be overrepresented in our study sample. Also, because symptoms of mild lead intoxication are less dramatic, 11 such increase would be nondifferential in the postresettlement duration categories and therefore bias our estimate toward the null. Because ARIVE is voluntary, it is difficult to assess if BLL testing was lower or higher than what should be expected for the refugee population. A 2017 study by Roberts et al. indicated that the reported number of EBLLs in children to the CDC was dramatically lower than the expected number of EBLLs in children throughout the United States. 25 Potential misclassifications attributable to lead level measurement and data entry errors are possible, although this is unlikely. Our estimates would be biased to the null in the event that these itemized factors were misclassified. Residual or uncontrolled confounding cannot be ruled out. A potential limitation is geographic clustering effect because of similar housing and location preference by different communities, resulting in similar exposure profile. Furthermore, significant differences in time to screening across these communities because of distance considerations or group behavior may have confounded our estimates. Though we included origin of birth in our models, it is The variables in the fully adjusted model were postrelocation duration, age of house, gender, region of birth, and parasitic infestation.
possible that the effect of geographic clustering could not be completely adjusted for because of residual confounding. Mismeasurement of other confounders might have resulted in residual confounding because of inadequate control for those confounders. However, we evaluated a large number of potential confounding factors, including those used in previous studies. Finally, our inability to consider other confounders was because of unavailability in the ARIVE data set. The final limitation of this study is that we had no information on other BLL tests that refugee children may have had before this study and we did not have follow-up BLL tests; therefore, we could not investigate changes in lead levels.
Public Health Implications
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